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PASSIVE SELF-ALIGNMENT TECHNIQUE 
FOR ARRAY LASER TRANSMITTERS AND 

RECEIVERS FOR FIBER OPTIC 
APPLICATIONS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention generally relates to the intercon 
nection of optical devices and optical media, and more 
particularly to a method of passive Self-alignment of an 
array of active optical devices (e.g., laser drivers and 
photodetectors) to a corresponding array of optical fibers. 
The method also allows for the integration of other elec 
tronic components, Such as amplifier drivers, in the inter 
connection. 

2. Description of Related Art 
Optical fibers have replaced copper wire in recent years as 

the preferred medium for carrying telecommunications and 
data Signals, due to the high efficiency of optical data 
transmission. AS with copper wire, it is necessary to provide 
for the interconnection of optical fibers, during installation, 
repair or replacement of the fibers, and to terminate the 
fibers onto active optical devices. 

Optical devices include, for example, optical Sensors 
(photoelectric diodes or photodetectors) and light Sources 
(typically Solid-state devices, Such as light-emitting diodes 
(LEDs) or laser diodes). The termination of an optical fiber 
may be indirect, i.e., the fiber may be connected to Some 
other (passive) optical device Such as a beam splitter or 
polarizer, before the light beam is directed to the active 
optical device. 

There are generally two kinds of optical interconnection 
devices, Splices and connectors. The term "splice', usually 
refers to a device which provides a permanent connection 
between a pair of optical fibers (i.e., a connection that is not 
intended to be removable). Many fiber optic splices employ 
plate elements having fiber-receiving V-shaped grooves, 
with means provided for clamping the terminal ends of a pair 
of fibers in a common groove. Some of these devices are 
designed to interconnect a plurality of pairs of fibers, See, 
e.g., U.S. Pat. No. 5,151,964. 

The term “connector, in contrast, usually refers to a 
device which may be engaged and disengaged repeatedly, 
often between different plugs and receptacles. Connectors 
also can be used to removably interconnect a plurality of 
pairs of fibers; see, e.g., U.S. Pat. No. 5,381,498. The present 
invention is generally related to Such devices, although the 
term “connector' should not be construed in a limiting 
Sense, Since the present invention may inherently provide a 
permanent, as well as temporary connection/termination. 

There are two primary types of commercially available 
fiber optic connectors, namely, ferrule connectors and bionic 
connectors. Ferrule connectors use a ferrule plug, typically 
ceramic, having a central bore which receives a Single 
optical fiber. Bionic connectors use a plug in the shape of a 
truncated cone. Both connectors usually combine a pair of 
plugs fitting into a common Socket or receptacle to provide 
a completed connection. The prior art includes hybrid ferrule 
connector/splices, such as those shown in U.S. Pat. Nos. 
4,986,626 and 5,159,655. 
One area which has not been adequately addressed by the 

prior art, however, is the interconnection, or termination, of 
an array of optical fibers to a corresponding array of active 
optical devices. Since the plugs of ferrule and bionic con 
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2 
nectorS receive only a single fiber, a relatively large bank of 
Such connectors must be provided to terminate Several 
fibers. One drawback with multifiber connectors is the poor 
interconnection densities that are achieved. While Some 
ferrule designs have densities around 2 connections per 
Square centimeter, this may be compared to densities of 4 
connections or more per Square centimeter in Some copper 
wire connectors, Such as an RJ45 connector. Some nonfer 
rule designs provide slightly improved densities, Such as that 
described in U.S. Pat. No. 4,045,121, but that connector has 
far too many parts and is not easily installed. A simpler 
multifiber connector is depicted in European Patent Appli 
cation No. 514,722 (commonly referred to as an “MT" 
connector). 

Fiber alignment is also a problem when terminating an 
array of fibers at respective optical devices. Each fiber must 
not only be properly aligned transversely, i.e., with the fiber 
tip precisely located at the emitter or receiver of the active 
device, but must further be positioned in the proper angular 
orientation to ensure that the light beam exits/enters the fiber 
in an optimum direction with respect to the device. Any air 
gap between the endface of an optical fiber and the optical 
Surface of a respective active device should also be mini 
mized in order to reduce transmission losses acroSS the 
interface. Accurate alignment of fibers with active devices is 
thus a tedious and time-consuming process. 

In order to discover the best position/orientation, active 
alignment techniques detect actual transmission of optical 
Signals acroSS the device-fiber interface. For optical Sensors, 
active alignment is accomplished by transmitting a signal 
through the fiber to the Sensor, and then monitoring the 
Sensor output while moving the terminal end of the fiber, or 
other alignment element. The signal can be fed into the other 
(distal) end of the fiber, or injected at an intermediate point 
using a "clip-on' instrument that creates a microbend in the 
fiber at the injection point. 

For light Sources, active alignment is accomplished by 
powering up the device, and then monitoring the Signal that 
flows though the fiber while moving the terminal end of the 
fiber or other alignment element. The Signal can be moni 
tored by Sensing the output at the distal end of the fiber, or 
by picking the Signal off at an intermediate point using a 
clip-on instrument. For either type of optical device 
(transmitter or receiver), active alignment thus requires 
extensive instrumentation. 

Another problem in terminating optical fiberS relates to 
the wide dissimilarities in the myriad connector Styles. 
Because of the different sizes and geometries of connector 
bodies, ferrules, and other components, any technique 
adapted for use with one particular connector is generally 
incompatible with other connector designs. Special adapters 
kits or jumper cables may be necessary to achieve compat 
ibility. 

In light of the foregoing, it would be desirable to devise 
an improved method of terminating an array of optical fibers 
to an array of optical devices, which allows for the passive 
Self-alignment of the device array to the optical fiber array. 
It would be further advantageous if the method accommo 
dated higher interconnection densities, and were generally 
uSable with any commercially available fiber optic connec 
tor. 

SUMMARY OF THE INVENTION 

It is therefore one object of the present invention to 
provide an improved method of interconnecting or termi 
nating a plurality of optical fibers with a plurality of respec 
tive active optical devices. 
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It is another object of the present invention to provide 
Such a method that allows for the passive Selfalignment of 
the optical fibers to the optical devices. 

It is yet another object of the present invention to provide 
highly integrated, low profile fiber optic array transmitters 
and receivers for ultra-high bandwidth data distribution and 
communication. 

A further object of this approach is to establish a precisely 
defined interface, with respects to physical Separation, 
between the active (photonic) device apertures and the 
plurality optical fiber termination. The interface permits a 
precise uniform physical Separation of less than 0.15 mm to 
be achieved acroSS all emitter and/or detector apertures 
without physically bonding via an adhesive to the optical 
fiber connector termination. This reduces the dependency on 
requiring narrow beam divergence emitters and reduces loSS 
in the detector to fiber termination due to bean divergence. 

Still another object is the increase in design flexibility by 
allowing the optical (emitter/detector) to electrical interface 
assembly to be pre-fabricated and Subsequently inserted into 
the desired package housing of choice. This eliminates the 
need for customization when used with commercial optical 
multi-fiber connectors (ferrules). 

Yet another objective is the protective laminate interface 
between the active emitter/detector and the optical fiber 
termination. This makes the technique directly applicable to 
reduced failure risk in harsh environments Such as military 
avionics. 

The foregoing objects are achieved in a method of ter 
minating a plurality of optical fibers, generally comprising 
the Steps of placing terminal ends of the optical fibers into 
a connector to create a fiber end face array, locating a 
plurality of optical devices on a Substrate, the optical devices 
being arranged in an array having a matching geometry as 
the fiber end face array, and positioning the connector with 
respect to the Substrate to align the fiber end face array with 
the optical device array. The optical device Substrate can be 
formed as part of a fiber termination fixture which further 
includes a carrier having means for aligning the carrier with 
the multifiber connector. The aligning means can take the 
form of two holes formed in the carrier and adapted to 
receive respective alignment pins of the connector. The 
optical device Substrate is advantageously affixed to the 
carrier by forming a first Solder ball contact array pattern on 
a Surface of the optical device Substrate, forming a Second 
Solder ball contact array pattern on a Surface of the carrier, 
wherein the Second Solder ball contact array pattern matches 
the first Solder ball contact array pattern, and melting a 
plurality of solder balls disposed between the first solder ball 
contact array pattern of the optical device Substrate and the 
Second Solder ball contact array pattern of the carrier Such 
that Solder reflow Self-aligns the patterns, and further posi 
tions the optical device array in a predetermined orientation 
with respect to the alignment holes in the carrier. The carrier 
can be thermally enhanced to act as a heat Sink when melting 
the solder balls. In the illustrative embodiment, the optical 
devices are active optical devices, Such as photodetectors or 
light emitters. The electrical contacts to the optical devices 
are made either during or after the chip to carrier attachment. 
The carrier can include electrical point-to-point connections, 
which allow optical devices possessing electrical contacts on 
the device frontside, the device backside, or a combination 
of frontside and backside contacts, to be used. A housing 
may be provided to Support the fiber termination fixture in 
a predefined location and orientation with respect to a hole 
formed in the housing which receives the connector. 
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4 
The above as well as additional objectives, features, and 

advantages of the present invention will become apparent in 
the following detailed written description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed characteristic of the invention 
are set forth in the appended claims. The invention itself, 
however, as well as a preferred mode of use, further 
objectives, and advantages thereof, will best be understood 
by reference to the following detailed description of an 
illustrative embodiment when read in conjunction with the 
accompanying drawings, wherein: 

FIG. 1 is a perspective view of one embodiment of an 
active device terminal for an array of optical fibers, con 
Structed in accordance with the present invention; 

FIG. 2A is a front elevational view of an alignment carrier 
which is part of a termination fixture used by the active 
device terminal of FIG. 1; 
FIG.2B is a top plan view of the alignment carrier of FIG. 

2A, 
FIG. 2C is a bottom plan view of an active device chip 

which is also part of the termination fixture; 
FIG. 2D is a front elevational view of the assembled 

termination fixture using the alignment carrier of FIGS. 
2A-2B and the active device chip of FIG. 2C; and 

FIG. 2E is a partial top view that shows the active optical 
chip and carrier assembly attached to the fleX Interconnect, 
and 

FIG. 2F is a front view of FIG. 2E. 
FIG. 3 is a perspective view illustrating deployment of an 

active device terminal of the present invention within a 
housing that also serves to retain a multifiber connector; and 

FIG. 4 is a top plan view illustrating pick-and-place 
production of carriers having active emitter/detectors 
according to the present invention. 

DESCRIPTION OF AN ILLUSTRATIVE 
EMBODIMENT 

With reference now to the figures, and in particular with 
reference to FIG. 1, there is depicted one embodiment 10 of 
an active device terminal constructed in accordance with the 
present invention. Terminal 10 includes a driver or receiver 
circuit module 12, a fiber termination fixture 14, and a flex 
circuit 16 operatively connecting fiber termination fixture 14 
to circuit module 12. 

Circuit module 12 includes an electrically insulative Sub 
strate or circuit board 18 upon which conventional electronic 
components 20 are mounted, according to the use of the 
device as either a transmitter or a receiver. Where terminal 
10 is a transmitter, circuit module 12 has amplifiers and 
drivers for the solid-state light sources described below in 
fiber termination fixture 14. Where terminal 10 is a receiver, 
circuit module 12 has amplifier and pre-amplifier receiver 
electronics for the optical sensors described below in fiber 
termination fixture 14. Electronic components 20 are pref 
erably surface-mounted on circuit board 18, but may be 
mounted using lead-through pins. In the illustrative 
embodiment, circuit module 12 has twelve ports (inputs for 
a receiver, outputs for a transmitter), corresponding to 
twelve optical fibers which are to be connected to termina 
tion fixture 14, for twelve different data signals. 

Termination fixture 14 is generally comprised of an active 
device chip 22, and an alignment carrier 24 which are 
discussed further below in conjunction with FIGS. 2A-2F. 
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Flex circuit 16 includes a generally rectangular Substrate 
or sheet 26, preferably constructed of a flexible, electrically 
insulative polymeric material Such as polyamide, having a 
plurality of conductive (copper) leads, or traces and con 
ductive planes 28 formed on one or more layers thereon, 
Such as by using a phototeching and lamination process. A 
given trace 28 has conductive pads at each end to facilitate 
electrical connection to one of the ports of circuit module 12 
at one end, and to a contact formed on active device chip 22 
at the other end. The number of Such traces 28 on flex circuit 
16 depends upon the type of device being used. For a 
transmitter, twelve traces are provided which are connected 
to respective contacts for twelve Solid-State emitters located 
on active device chip 22. These contacts are the anodes 
(p-contacts) of the emitters; a common cathode (n-contact) 
is provided for the emitter array, and contact with the 
cathode is made on the backside of active device chip and is 
an integral part of the mechanical alignment contacts 
between the device chip and the carrier 22, 24. For a 
common cathode diode receiver chip a similar 12 trace 
laminate flex Sheet 26 may be used to contact the anodes, 
and a conductive plane layer used to contact the cathode. 
When using isolated anode and cathode optical components, 
or metal-semiconductor-metal (MSM) receiver devices, 24 
traces or contacts are provided, two for each of the twelve 
Solid-State transmitter/receiver location on the active device 
chip, on one or more fleX layers. In addition to the bond 
provided by the electrical connection between the trace pads 
and the circuit module ports or active device chip contacts, 
a further physical bond may be provided between sheet 26 
and circuit board 18 or active device chip 22 using, e.g., an 
adhesive, Such as an acrylate or Silicon-based adhesive. 

Flex circuit 16 is designed to Support a high-frequency 
connection, particularly frequencies of five Gbit/sec or 
more. Flex circuit 16 is also designed to provide impedance 
matching with the ports of circuit module 12 and the active 
devices on chip 22. 

The construction of termination fixture 14 may be under 
stood by further reference to FIGS. 2A-2F. FIGS. 2A and 2B 
depict one embodiment of alignment carrier 24, that is 
specifically adapted for use with the MT connector men 
tioned in the Background. Alignment carrier 24 is generally 
a rectangular block, containing alignment pin holes 34, with 
dimensions and tolerances based on a predefined commer 
cial or custom optical fiber array connector, e.g. MT con 
nector. The alignment carrier is fitted with a solder “ball” 
contact pad array 30 on the upper Surface, thereof, compris 
ing a plurality of Solder contacts 32. The contact pad array 
forms an arbitrary pattern, which identifies and maintains a 
Specific pre-defined optical component alignment and ori 
entation relative to the carrier alignment pinholes 34. Either 
pre-molding, drilling, reactive etching or ion milling pro 
ceSSes can be used to form the carrier 24 alignment pinholes 
34. The manufacturing process used depends on the material 
used for the carrier based. Plastic and metal carrier base 
materials Support molding and drilling manufacturing pro 
cesses. Ceramic and glass carrier base materials Support 
drilling and etching. Semiconductor carrier base-material 
Support drilling, reactive etching, and ion milling. The 
carrier contact pad array is located relative to the alignment 
pinholes, and formed, thereon, Such as by using electro 
deposited metal, electroplating, and photolithography pro 
cesses. The carrier base material may be thermally enhanced 
in order to function as a heat Sink. 

The flex circuit 16 is typically attached to the optical 
device and carrier assembly, FIG. 2D, after the optical 
device has been solder reflow attached to the carrier and the 
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6 
critical optical device apertures, FIG. 2E and 44, to carrier 
alignment pin hole 34 tolerances have been established. 
Either the optical chip contact array pads or the alignment 
carrier contact array pads can Support the Solder balls 30, 
prior to the optical chip-to-carrier re-flow attachment. FIGS. 
2A-2F details the elements of the carrier 24, the alignment 
pin holes 34, the optical chip and Solder alignment pads 22, 
the Solder reflow Self-aligned optical chip to carrier 
assembly, FIG. 2D, FIG.2E identifies the active optical-chip 
and carrier assembly attached to the flex Interconnect 16. 
The laminate flex Interconnect can be pre-formed (pre 
manufactured) with metal traces 28. The flex is aligned and 
adhesive bonded to the active device Side of the optical-chip. 
Final flex trace to active chip connected is formed, thereon, 
using laser drilled via hole through the non-conducting 
polymer layer, connecting to the active-chip electrical pads. 
Electro-deposited metal is used to fill the Vias making them 
electrically conducting 44, and Subsequently electrically 
connecting the Vias and chip pads to the metal traces. 
Photoetching process is then used to establish Single point 
connections from one active-chip pad and its corresponding 
metal-ized flex-via, to a single flex trace. 

If the active optical chip is Such that it requires fleX 
metal-plane or trace electrical connection to be made to its 
backside, then an electrically conductive Shim or electrical 
via feed-through transfer chip 42 can be used. The electri 
cally conductive shim or via feed-through chip transferS the 
optical-chip backside electrical contacts to the same level 
(plane) as the optical chip topside electrical contacts. The 
fleX interconnect assembly is then electrically connected to 
the optical-chip and alignment carrier assembly, as 
described above, at metal-Via contact points 44. 

Alternatively, the flex interconnect can be built onto the 
active chip and carrier assembly by repeated (sequential) 
polymer lamination, Via drill, electro-metal deposition, and 
photoetching processes. If all the opticalchip electrical con 
tacts are on the backside of the chip, then an optical chip to 
fleX interconnect electrical connection can be accomplished 
from the carrier base. Flex to carrier electrical connection is 
accomplished using a pre-fabricated fleX, and using lead 
frame edge-connection and Solder attachment either before 
or after optical-chip to carrier attachment. Alternatively, the 
fleX interconnect can be built onto the carrier base prior to 
optical-chip attachment, and prior to alignment Solder con 
tact array formation, by repeated (sequential) polymer 
lamination, Via drill, electro-metal deposition, and photo 
etching processes. The Solder contact array can then be 
added to the flex topside, and the optical-chip Subsequently 
Solder re-flow attached and Self-aligned. 

Active device chip 22 is also a generally rectangular 
block. A replica of the carrier Solder ball array pattern is 
formed on the optical-chip backside using photolithography, 
e.g. inferred based, electrometal deposition, and etching 
processes 22, as Seen in FIG. 2C. The formed optical-chip 
Solder contact array identifies and maintains a specific 
alignment between the optical-chip device aperture, i.e. laser 
and detector apertures, and the carrier base 24 alignment pin 
locations. In this manner, active device chip 22 may be 
placed over solder ball contact array 30 without requiring 
strict tolerances and then, when the Solder balls 32 melt, the 
Solder reflow Self-aligns the pattern on active device chip 22 
with the pattern on carrier 24. Thus, Solder ball contact array 
30 not only affixes active device chip 22 to carrier 24, but 
further ensures that the array of active devices on the upper 
Surface of chip 22 are properly oriented with respect to 
alignment pin holes 34 (and thus will be properly oriented 
with the fiber ends when an MT connector is attached to 
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carrier 24 using alignment pin holes 34). The solder balls 
may be melted by various means, including inferred radia 
tion and Zoned belt furnace re-flow. 

Those skilled in the art will appreciate that the foregoing 
technique may be applied to any commercially available 
fiber optic connector, not just the MT connector, by Simply 
providing different holes or precision guides on carrier 24 
which correspond to alignment elements for the particular 
connector design. Also, the active devices on chip 22 must 
be placed in the same geometry as the optical fiber array in 
the connector. While the illustrative embodiment depicts a 
fiber array wherein all of the fiber end faces are coplanar, the 
present invention could even be adapted to non-coplanar 
fiber end face arrays, e.g., a connector body having a 
forward tip with a conveX Surface, mating with a concave 
Surface of an active device chip. 
The active chip may be (but is not limited to) Gallium 

Arsenide (GaAs) based Vertical Cavity Surface Emitting 
Lasers (VCSEL) and GaAs based metal-semiconductor 
metal (MSM) detectors, and commercial (or custom) PIN 
and/or avalanche photo-diodes arrayS. The carrier can be 
comprised of metal patterned ceramic, metal matrix, and 
metal-plastic hybrid material Similar to commercial plastic 
electronic packages. 

Materials that could be used to construct the carrier would 
be those that would provide high precision for critical 
alignment. These would be typical for printed wiring board 
construction including high temperature epoxyglass or 
polyamide. Materials like a liquid crystal polymer (LCD) or 
ceramic would also provide good alignment characteristics. 
Optical array communication currently is more effectively 
performed using arrays of Vertical Cavity Surface Emitting 
Lasers (VCSEL) and photodiodes. These devices have 
excellent optical properties while being able to be con 
Structed using Standard GaAS integrates circuit processes. A 
benefit relative to this patent is that alignment pads placed on 
the backside of the VCSEL/Photodiode Substitute shown in 
FIG. 2C can be done using long wavelength photolithogra 
phy and optical inspection techniques Since GaAS material is 
transparent at these wavelengths. 

Referring now to FIGS. 3a and 3b, active device terminal 
10 may be conveniently packaged in a housing 36 which is 
further adapted to Support the particular connector being 
terminated, and to position the connector with respect to 
termination fixture 14. FIG. 3 illustrates an MT connector 38 
whose connector body extends through a hole formed in a 
sidewall of housing 36. Mounting tabs having been attached 
to carrier 24 to affix the termination fixture in a predefined 
location and orientation with respect to the hole that receives 
MT connector 38. In this manner, when MT connector 38 is 
inserted into the hole, the alignment pins visible in FIG. 3b 
and not visible in FIG. 3a, of MT connector 38 are guided 
into holes 34 of carrier 24, which precisely aligns the array 
of fiber end faces with the active devices on chip 22. The 
polymer fleX interconnect 16 attached to the optical-chip 
topside protects the opticalchip apertures from exceSS pres 
Sure and contact damage at the interface between the optical 
fiber connector endface and chip topside Surface. Similarly, 
the polymer layer acts as a mechanical buffer and maintains 
high chip-to-connector interface reliability under harsh 
thermal, Vibration, and shock environments. The fleX also 
allows a predictable and reproducible separation to be 
achieved between optical-chip apertures and the optical 
fiber-ends coupling. This reduces Sensitivity to both optical 
chip design and optical coupling losses associated with 
beam divergence. 

Optical components possessing only backside contacts 
and using the process of attaching the flex (electrically and 
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8 
mechanically) through contacts on the alignment carrier 
base, i.e. the polymer fleX does not protect the active topside 
on the optical-chip, will require alternate protection against 
abrasion and exceSS pressure during assembly. This is easily 
accomplished by polymer laminating (or coating) the 
optical-chip topside prior to chip attachment to the align 
ment carrier. The depth of insertion of the fiber connector to 
the flex-chip-carrier assembly, FIGS. 2e and 3b, may be 
controlled, Such as by recessing the optical-chip within the 
alignment carrier 24, or by using a windowed Shim-Stop 
inserted between the optical-chip carrier assembly and the 
fiber connector. Similarly, insertion depth and pressure may 
be controlled by providing a boss or stop (formed on the 
housing 36) that abuts the connector. A latch or other means 
can be provided to retain the connector in the housing. 
By modifying the construction of the package housing 36, 

and the order of the component assembly depicted in FIG. 
3a, a Seal or hermetic final package assembly can be 
achieved, FIG.3a. In this format a sealed or hermetic optical 
connector feed-through 38, e.g. MT connector based, is 
attached to the housing 36 prior to the attachment of the 
optical-chip carrier and termination fixture 14 assembly. 
This allows the entire housing 36 (with optical connector 
feed-through) to be pre-fabricated prior to insertion and 
assembly of the electrical and optical components. In this 
manner, the flex-optical chip-alignment carrier (16, 22, 24, 
and 14) alignment holes 34 are inserted over the connector 
38 alignment pins, FIG. 3b, forming the necessary optical 
fiber connector to optical chip connection. The fleX electrical 
interface connection, using Solder re-flow processes, can 
then be made to the electrical circuit assembly 12. The 
integrity of the optical-chip-to-connector interface is main 
tained by mechanical and thermal attachment of the termi 
nation fixture 14 to the housing 36 base. This is achieved by 
using processes Such as epoxy adhesive or Solder re-flow to 
bonding. 

The dimensions of termination fixture 14 may vary 
according to the particular applications. The following 
exemplary dimensions are used for compatibility with a 
conventional MT connector. Active device chip 22 is about 
2.0 mm wide, 2.8 mm long, and 0.6 mm high. The active 
devices on chip 22 are linearly aligned about 1.6 mm from 
a lengthwise edge of the chip with 250 um Spacings, and the 
device closest to a side of the chip is about 400 um from that 
edge. Traces about 1.3 mm long lead from each active device 
to the contacts that become connected to the pads of fleX 
circuit 16. Carrier 24 is about 2.5 mm wide, 6.0 mm long, 
and 1.5 mm high. The centers of alignment holes 34 are 
about 4.6 mm apart, and the holes have 0.744 mm diameters. 
The diameters of the cavities for the Solder balls is about 150 

. 

Although the invention has been described with reference 
to specific embodiments, this description is not meant to be 
construed in a limiting Sense. Various modifications of the 
disclosed embodiments, as well as alternative embodiments 
of the invention, will become apparent to perSons skilled in 
the art upon reference to the description of the invention. For 
example, while the description has discussed an active 
device terminal that is either a transmitter or a receiver, it 
would also be possible to provide a transceiver wherein the 
termination fixture aligns the array of fiber ends with a 
combined active transmitter (e.g. laser) and detector (e.g. 
PIN, MSM) device chip, or by accommodating (aligning) a 
passive array of device chip, e.g., having an array of partially 
Silvered micromirrors and attendant passive optics used to 
allow both transmission of signals to the fibers from 
emitters, and reception of Signals exiting the terminal ends 



US 6,491.446 B1 

of the fibers using detectors. It is therefore contemplated that 
Such modifications can be made without departing from the 
Spirit or Scope of the present invention as defined in the 
appended claims. 
What is claimed is: 
1. In a fiber optic device package comprising; a signal 

conversion device that has a plurality of optical ports and a 
first plurality of electrical signal connections, 

an electrical circuit that has a Second plurality of electrical 
Signal connections; 

a flexible circuit sheet that has a plurality of electrically 
conductive leads, each of which has first and Second 
ends which are connected at each of Said first ends to 
at least one of Said first plurality of electrical connec 
tions and at each of Said Second ends to at least one of 
Said Second plurality of electrical Signal connections, 
and 

an optical connector having a plurality of optical connec 
tor fibers, wherein each optical connector fiber is 
aligned with one of Said optical ports, the improvement 
compromising; the insertion of Said flexible circuit 
sheet between said optical connector fibers and Said 
optical ports Such that light passes between Said optical 
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connector fibers and Said optical ports through Said 
flexible circuit sheet. 

2. In a fiber optic device package as claimed in claim 1, 
the improvement wherein Said Signal conversion device, 
converts electrical Signals carried by Said electrically con 
ductive leads to optical Signals that are transmitted to Said 
optical ports. 

3. In a fiber optic device package as claimed in claim 1, 
the improvement wherein Said Signal conversion device 
converts optical Signal received by Said optical ports to 
electrical Signals carried by Said electrically conductive 
leads. 

4. In a fiber optic device package as claimed in claim 1, 
the improvement wherein said flexible circuit sheet is 
inserted So that it abuts Said optical ports. 

5. In a fiber optic device as claimed in claim 2, the 
improvement wherein Said flexible circuit sheet is inserted 
So that it abuts Said optical ports. 

6. In a fiber optic device as claimed in claim 3, the 
improvement in Said flexible circuit sheet is inserted So that 
it abuts Said optical ports. 
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